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A GENERAL DISCUSSION
The object of this investigation is to determine the accu-
racy which can be secured in land surveying by the stadia meas-
urement of distance. To facilitate in this work, fields in the
University of Illinois' triangulation system were used in which the
lengths of the lines are known to the hundredth, of a foot and
the angles to five seconds; and hence a reliable check was obtained
upon the areas of the fields and upon the stadia measurement of
each line.
The usual way of surveying land is by means of the transit
and tape. This method easily gives an accuracy in the area of
1:3000, and should be used where land is expensive. Where this is
the case^the cost of the survey is relatively small as compared
with the price of the property^ but where land is cheap the use of
an inexpensive method is desirable. Naturally stadia surveying pre-
sents itself, because the number of men and the time required to do
the work is less than for a transit and tape survey.
The chief source of error in stadia surveying lies in the
determination of the stadia factor. This factor is usually de-
termined by the first person using the instrument for such work
and is used with that instrument in any further surveys. Still
others assume the factor as one hundred. In this work the factor

2was determined to the hundredths place. An investigation along
this line by Professor L. S. Smith, of the University of Wisconsin,
has shown that "both weather conditions and the personal equation
of the observer produce noticeable errors and must be taken into
account. Professor Smith's experiments, extending over two summers,
demonstrated that stadia measurements could be Tiade with an accuracy
very ©lose to that of chaining. lie made a study of weather con-
ditions and their effect upon the stadia readings, and found that
during the summer months, the vibrations of the atmosphere caused
a noticeable error. The air is heated by contact with the earth,
and when the layer of air nearest the ground becomes heated, it
expands and rises, causing a stratum of less density near the ground
than a few feet above it. It also creates columns of warm air,
which act as hugh lenses, and a line of sight passing through them
is bent. This brings the two lines of sight closer together. The
effect of the difference in density of the layers of air is to re-
fract the lines of sight differently, the upper one being bent less
than the lower one because of a more stable condition of the air.
This difference in the refraction is what Professor Smith terms dif-
ferential refraction. This is more noticeable between the hours of
9:00 A. 1*1. and 3:00 P.M. Before 9:00 A.M. the ground has not re-
ceived enough heat from the sun to warm the air sufficiently to
cause a difference in dens it y
>
while after 3:00 P. II. the ground
and air immediately above it are nearly the same temperature. By
taking into account these errors, Professor Smith was able to run
a line of twenty miles in leh^th with an error of 1:11400, and
another line of thirty miles in length, using sights of 1100 to

2000 feet, with an error of 1:1741. This degree of accuracy was
the result of care, far beyond that which could be used in an
ordinary survey; but the theory may be carried into such work, and
has been attempted in this investigation. The stadia factor was
determined for the conditions under which each survey was made. Host
of the work was done early in the afternoon from 1:00 to 4:00, and
the stadia factor was determined just before the survey was started.
In this way the effect of vibrations and differential refraction
upon the survey were eliminated by incorporating the same errors in
the stadia factor as occurred in the stadia measurements. Two ob-
servations were taken of both a full and a half rod-intercept in
determinating the factor on lines approximately the length of the
majority of the sights. The average of the two observations was
used as the factor. The areas were determined by the latitude and
departure method and logarithms were used in the computations.
Chicago stadia rods, twelve feet in length, having two 8" x 8"
targets were used in the field work. One target was set at the top
of the rod while the other was manipulated by the rodman who read
the intercept and signalled it to the instrumentman. A Keuffel
and Esser transit was used.
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Table No.£.
F/e Id
No
Linear Measurement 75rro r /n
Trfonjju lot/on Sfdd/d rer / rn eter Area.
/ 6/38.91 6/95.97 - 7/2016 - 7: 79o
2 9706.21 97/3.37 -r. 1.73 90 -7: Sol
5303. 86 5S0S23 /// foao 1 / : 695
-f 6 333. 6£ & 3d 63 -/• 770 -/: 635
5~ 352/. 80 3517. 35 -7: 900 "77871
6 4-11 / / 7 1/08.03 - 1: 73/0 - 7. 806
7 53 70 05 536 6/3 - 7: 7370 - i: 775
8 6302.96 630 6. 51 tJ:/fdo " /
V
550
9 6/989/ 6/96. 76 -7:2110 ~ / :553
70 ^ 563, 86 5303 37 -75/700 -f 7:550.
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COHCLUSIOHS.
The errors in eight of the fields were negative and in two
they were positive, as is shown in Table 1. The smallest error
was in field Ho. 2 and was - 1:902, and the largest error was in
field Ho. 9 and was - 1:553. The average accuracy for the ten
fields was 1: 726.
Each of the observers was transitman for the survey of five
fields. All of %. Erkine's errors were negative and had an
average value of 1:737. On the other hand, two of Mr. Hau's
errors were positive and three were negative, and had an average
value of 1:715. This shows the difference in the personal equa-
tion of the two observers. Since all of Mr. Erskine's readings
were low, in practice he should add a certain proportion to his
whose
readings; while Mr. ^av a readings were both positive and nega-
tive, should depend upon the errors compensating.
Table 2 contains the triangulation and the stadia perimeters
of each of the fields, and also the fractional error in both the
linear measurements and the area. An average accuracy in linear
measurement of 1:2719 was obtained in a total length of 57751
feet. The smallest error was in field Ho. 10 and was - 1:11700,
and the largest was in field Ho. 4 and was - 1:710. Three of
the errors in linear measurement were positive but in only one
case did a positive error in the area result. This occurred
in field Ho. 3.
The total time required to survey the ten fields was 23
hours, and 22 hours were necessary for the computations of the
areas. The average size of the fields was 46 acres, and the
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average number of sides to a field was six* . Ordinarily fields
of this size have only four sides, and only four set-ups of the
transit are necessary in their survey. Hence it is safe to say
that of the 23 hours required for the field work, 8 or 10 hours
could have been saved if the surveys had been confined to a small
er number of fields having the same total perimeter.
In some recent surveys made by Mr. Paul Kircher, a senior
civil engineering student of the University of Illinois, in con-
nection with thesis work, four farms having a total perimeter of
40^605 feet were surveyed in 24,7 hours by the transit and tape
method, which is at the rate of 1645 feet of traverse per hour.
Assume that the surveys of the fields in this investigation could
have been made in 15 hours instead of 23, if the number of sides
to each field had been normal. This would give a rate of 3850
feet of traverse per hour, which is more than twice the rate
attained in the transit and tape survey.
With the above data in mind, assume a field of 640 acres and
compare the two methods of surveying. The perimeter would be
21, 120 feet which would require 13.5 hours by the transit and
tape method, and 5.5 hours by the transit and stadia method. If
the work is done by the surveyor at $1,00 per hour and an assist-
ant at #0,25 per hour, the total cost per hour is $1.25. In the
above survey the saving of eight hours by the transit and stadia
method reduces the cost of the survey by $10.00. While these
assumptions are probably in error, it is easily seen that the
stadia method is much the quicker and hence less expensive;
but sirce it is less accurate, its use is limited by the value
of the land.
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In the transit and tape surveying an accuracy in the area of
1:3000 is ordinarily considered acceptable work. This value is
based on an accuracy in the linear measurement or 1:5000, which
is rarely exceeded in ordinary work. T^e change in the length
of the tape due to changes in temperature is never taken into
consideration by surveyors. Steel tapes are standard length
at about 65° F, and a change of 15° in temperature causes a
change in the length of the tape of 0,01 ft. So if surveying
work is done say 35° or 95°F an accumulative error of 1:5000
results. An error of 1:3000 in the area can probably be ob-
tained on cleared land and where conditions are favorable, but
such conditions are only to be had on the higher-priced lands,
which are cleared of all weed, underbrush, etc. On the other
hand cheap land is generally covered with weed, etc., which
would reduce the accuracy of the chaining, but would not effect
the accuracy or speed of the stadia method. A fair value of
the accuracy of a chain survey under such conditions would be
1:1500 or about twice the accuracy of the stadia method. Be-
sides reducing the accuracy of the survey, the underbrush and
weeds would retard the progress of the work to such an extent
that 1000 ft. of traverse per hour by the transit and tape
method would be the limit of speed. At this rate the saving
in the cost of the survey of 640 acres by the stadia would be
$19.50. In order for the saving in the cost of the survey to
be offset by the difference in the accuracy, the cost of the
land must be $47.00 an acre.
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The surveying work in each of the methods in the above dis-
cussions were performed "by inexperienced men, so that the time
required by both of them is more then would he required by ex-
perienced surveyors, so that the saving given above is too large ;
but the accuracy of the two methods would be more nearly the
same, because experienced men in the use of the stadia could in-
crease the accuracy of the stadia method, while the accuracy of
the transit and tape method would not necessarily be effected.
frequently the owner of medium -priced land would prefer
a saving on the cost of survey at the expense of accuracy, in
which case the stadia method is desirable. After considering
the fact that under the conditions ordinarily prevailing on cheap
land^ the time for a transit and tape survey is two or three
times that required for a stadia survey while the relative ac-
curacy of the latter is better than one-half - providing the
surveyor allows for personal equation and errors due to climatic
conditions - then the conclusion is obvious that for land
j
valued at over $50.00 an acre the usual way of surveying is
the better because the increased cost of surveying is offset
by the increased accuracy. Therefore the stadia method is
applicable to the survey of land worth less than $50.00 an acre.
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